Introduction {#s1}
============

Medical nutrition therapy (MNT) is crucial for treating patients with diabetes and preventing the complications of this disease. Therefore, it is important at all levels of treatment of diabetes \[[@R01]\]. The effectiveness of MNT for diabetes patients has been reported by many studies \[[@R02]\]. Clinical trials of MNT have demonstrated 1-2% decreases of the HbA1c in patients with type 2 diabetes, depending on the duration of diabetes \[[@R03], [@R05]\]. As obesity is associated with insulin resistance, decrease of the body weight is very important for individuals with pre-diabetes or diabetes \[[@R06]\].

The concept that MNT should cover a well-balanced healthy diet for diabetic patients is well-recognized around the world. However, the content of MNT in Japan is not the same as that in European or American countries. In Europe and America, carbohydrate counting therapy has spread as effective MNT for diabetic patients. Recent research has suggested the potential usefulness of the dietary glycemic index (GI) for reducing postprandial hyperglycemia \[[@R07], [@R08]\] and the subsequent insulin demand \[[@R09], [@R10]\]. In other recent studies, vegetable-based low-carbohydrate diets were associated with lower all-cause and cardiovascular disease mortality rates, and low-carbohydrate diets were associated with favorable changes in the risk factors for cardiovascular diseases \[[@R11], [@R12]\]. The American Diabetes Association (ADA) suggested that the caloric intake of overweight patients (BMI ≥ 25 kg/m^2^) and obese patients (BMI ≥ 30 kg/m^2^) must be 500 - 1,000 lower than that necessary for weight maintenance \[[@R06]\]. According to the recommendations of the European Association for the Study of Diabetes (EASD), the caloric intake should be reduced and the energy expenditure increased for those who are overweight (BMI ≥ 25 kg/m^2^), so that the BMI moves towards the recommended range (BMI, 18.5 - 25 kg/m^2^) \[[@R13]\]. However, a precise energy setting has not been reported. By contrast, in Japan, the main focus is on energy control, which is somehow different from the case in Europe and America. According to the recommendations of the Japan Diabetes Society (JDS), Japan Atherosclerosis Society (JAS), and Japan Society for the Study of Obesity (JASSO), the ideal body weight (IBW) is calculated as IBW = height (m) ^2^ × 22 (kg/m^2^) \[[@R14]\], and the total dietary energy (kcal/day) is estimated as 25 - 35 kcal/kg IBW/day, which depends on the daily activity \[[@R14], [@R16]\]: subjects with low-level activity, 25 - 30 kcal/kg IBW; subjects with usual-level activity, 30 - 35 kcal/kg IBW; subjects with heavy-level activity, 35 or more kcal/kg IBW; notably, in patients with obesity: 20 - 25 kcal/kg IBW. Finally, physicians are advised to determine the total dietary caloric intake taking into consideration various patient background factors.

Nakajima et al reported that the dietary program recommended by JDS and JASSO is practically useful for body weight control and for improving lipid metabolism in patients with type 2 diabetes \[[@R17]\]. Of note, the total dietary energy intake is often set at 25 kcal/kg IBW/day when MNT is prescribed for obese patients with type 2 diabetes in Japan. A study of the Japan Diabetes Complication Study (JDCS) group \[[@R18]\] reported that average energy intake in Japanese type 2 diabetes patients was 1,700 kcal/day, and that the average BMI of the patients in their investigation was 22.9 ± 3.0 kg/m^2^. It is, however, unknown how many meals overweight diabetic patients with BMI values of more than 25 eat.

Specialists in diabetes may agree with the notion that it is difficult for overweight subjects in modern society to comply with MNT (less than 25 kcal /kg IBW/day). Thus, it may be preferable to set an adequate caloric intake that can actually be complied with rather than to set an ideal, but inadequate energy intake that is impossible to comply with. However, the most appropriate energy intake has not been determined so far. Therefore, we designed a prospective, randomized, controlled, multicenter study trial to determine the impact of the total dietary energy intake (25 or 30 kcal/IBW/day) on the body weight, glycemic control, lipid profile, and satisfaction level in obese or overweight patients with type 2 diabetes mellitus.

Materials and Methods {#s2}
=====================

Design overview {#s2a}
---------------

We conducted an interview and performed a prospective, randomized, controlled study in Yokohama City University Hospital and Yokohama City University Medical Center in Kanagawa Prefecture. Recruitment of doctors for interview and hospitalization of patients began from September 2008 and continued until June 2010. We had obtained the approval of the Institutional Ethics Review Committee of Yokohama City University Hospital for the conduct of this study, and obtained informed consent from each of the subjects prior to the start of this study (UMIN000002179).

Interview {#s2b}
---------

We interviewed physicians working at hospitals in Kanagawa Prefecture to clarify the actual status of MNT prescribed by them for obese and overweight type 2 diabetics.

Setting and participants {#s2c}
------------------------

The subjects were obese or overweight patients with type 2 diabetes (BMI ≥ 25) who were hospitalized at the Yokohama City University Hospital or Yokohama City University Medical Center at the time of the start of this study.

Randomization and interventions {#s2d}
-------------------------------

Subjects were randomly assigned to the 25 kcal/kg IBW/day group (25 kcal group) or the 30 kcal/kg IBW/day group (30 kcal group).

Outcomes and follow-up {#s2e}
----------------------

The primary endpoint was the body weight of the subjects at the time of hospitalization, at the time of discharge from the hospital, and at 3, 6 and 12 months after discharge from the hospital. The secondary endpoints were the degree of glycemic control (HbA1c), the lipid profile (serum LDL-C, HDL-C and triglyceride (TG)), continuation and performance of dietary treatment (energy intake), level of satisfaction and any psychological complaints (questionnaire survey).

Glycemic control: The serum HbA1c level was evaluated at the time of hospitalization and at the 3, 6 and 12 months after discharge from the hospital. Lipid profile: Serum levels of LDL-C, HDL-C and TG were evaluated at the time of hospitalization, at the time of discharge from the hospital, and at 3, 6 and 12 months after discharge from the hospital. The HbA1c (%) value was estimated as the National Glycohemoglobin Standardization Program (NGSP) equivalent value (%) calculated using the formula: HbA1c (%) = HbA1c (JDS) (%) + 0.4%, considering the relational expression of HbA1c (JDS) (%) measured by the previous Japanese standard substance and measurement method and HbA1c (NGSP) \[[@R19]\]. The meal calorie interview was conducted to estimate the actual amount of meals that the subjects ate before hospitalization and at 3, 6 and 12 months after discharge from the hospital.

Moreover, a questionnaire survey was conducted before the subjects' discharge from the hospital and at 6 and 12 months after discharge from the hospital to evaluate the degree of satisfaction with their diabetes treatment regimen (Diabetes Treatment Satisfaction Questionnaire (DTSQ) \[[@R20]\]) and the degree of burden (Problem Areas in Diabetes Survey (PAID) \[[@R21]\]). The DTSQ consists of 8 items, each with 7 possible answers. Six of the eight items were designed specifically to measure a person's level of satisfaction with his/her diabetes treatment regimen ('current treatment', 'convenience', 'flexibility', 'understanding', 'recommend' and 'continue') \[[@R20]\]. Two additional items concerned with the perceived frequency of hypo- and hyperglycemia were scored separately as single items. The individual questions on the DTSQ were scored on a 7-point Likert scale, from 0 to 6. In the present study, the total score for the six items was used as the treatment satisfaction scale. The total scores obtained by summing these six items from the DTSQ ranges from 0 to 36. In the present study, the Japanese version of the DTSQ, which was linguistically and psychometrically evaluated by Ishii et al \[[@R22]\], was used. The PAID is a measure of diabetes-specific emotional distress, that was developed by Polonsky et al \[[@R23]\] and translated into Japanese by Ishii et al \[[@R24]\]. The scale consists of 20 items with 5 response options available for each PAID question: each response option was assigned a value of 0 (not a problem) to 4 (serious problem). According to the recommendation of the measure's authors, a total score was computed by summing the responses and multiplying this total by 1.25 to obtain a total score that ranges from 0 - 100.

Statistical analysis {#s2f}
--------------------

Statistical analyses were performed using the SPSS for Windows, Japanese version 16.0 (SPSS Institute Inc., Japan). Statistical comparisons of the temporal changes in each group of each item and of the changes in the body weight, amount of actually ingested energy and laboratory data between the 25 and 30 kcal groups were studied by Bonferroni's multiple comparison. Comparisons of the DTSQ and PAID scores between the 25 and 30 kcal groups were performed using the Wilcoxon's rank-sum test. Comparisons of the change of the attendance rate between the 25 and 30 kcal groups were performed using the mantel-Haenszel test. All the data were expressed as mean ± S.D. P values \< 0.05 were considered to denote statistical significance. Data were expressed as mean ± SD.

Results {#s3}
=======

Interview {#s3a}
---------

Of the 82 physicians interviewed by us, 77 reported prescribing an energy intake for obese and overweight (BMI ≥ 25) patients with type 2 diabetes. The prescriptions were as follows: less than 25 kcal/kg IBW/day, 18.2%; 25 - 30 kcal/kg IBW/day, 76.6%; 30kcal/kg IBW/day or more, 5.2%. In regard to whether the physicians believed that their patients would be able to comply with their energy prescriptions, the interview revealed the following: Yes, 13.5%; Not sure, 19.1%; No, 67.4%. The compliance rate with the prescribed energy intake if the physicians themselves were diabetic was as follows; less than 25 kcal/kg IBW/day, 6.3%; 25 - 30 kcal/kg IBW/day, 54.4%; 30 kcal/kg IBW/day or more, 39.2%.

Profiles of the patients {#s3b}
------------------------

Of the 36 subjects enrolled in the study, 19 patients were assigned to the 25 kcal group and 17 patients to the 30 kcal group ([Fig. 1](#F1){ref-type="fig"}). Of these, 6 subjects of the 25 kcal group and 6 of the 30 kcal group dropped out of the study before the end of the 1-year study period. Therefore, the remaining 13 subjects of the 25 kcal group and 11 subjects of the 30 kcal group were included in the analysis of the present study. No significant differences in the demographic or clinical parameters were observed between the two groups at the baseline ([Table 1](#T1){ref-type="table"}).

![Flow-diagram of the study. The diagram shows the number of patients followed up at different times during the study period.](jocmr-05-368-g001){#F1}

###### Profiles of Patients of the Two Groups at Baseline

                                                         25 kcal group   30 kcal group   P value
  ------------------------------------------------------ --------------- --------------- ---------
  Gender (M/F)                                           10/3            6/5             0.24
  Age (years)                                            58.8 ± 12.1     61.5 ± 12.3     0.61
  Duration of diabetes (years)                           10.7 ± 9.53     8.23 ± 7.41     0.49
  BMI (kg/m^2^)                                          27.9 ± 2.35     30.1 ± 3.90     0.11
  HbA1c (%)                                              8.88 ± 1.01     9.43 ± 1.62     0.33
  Estimation of the amount of energy intake (kcal/day)   2,182 ± 822.3   2,082 ± 540.5   0.73

Data are expresses as mean ± SD.

Changes in the BMI {#s3c}
------------------

There were no significant differences in the BMI values at any of the time-points between the 25 and 30 kcal groups. As shown in [Figure 2A](#F2){ref-type="fig"}, the BMI values at discharge, and at 3 and 6 months after discharge were significantly lower than the values before hospitalization in the 25 kcal group. The BMI tended to decrease from the time of hospitalization to 12 months after discharge from the hospital in the 30 kcal group, however, the difference was not statistically significant.

![Time-profiles of the BMI, the actual energy intake (per IBW) and the attendance rate. A: Time-profiles of the BMI in the 25 and 30 kcal groups. There were no significant differences at any time-point between the 25 and 30 kcal groups. The data shown are the mean ± SD. ^\#\#^P \< 0.01 vs. baseline. B: Time-profiles of the actual energy intake (per IBW). There were no significant differences at any time-point between the 25 and 30 kcal groups. The data shown are the mean ± SD. ^\#^P \< 0.05, ^\#\#^P \< 0.01 vs. baseline. C: Time-profiles of the attendance rate. There were no significant differences in the rate at each time-point between the 25 and 30 kcal groups. ^\#\#^P \< 0.01 vs. hospitalized (Bonferroni's multiple comparison). P value: 25 kcal group vs. 30 kcal group (Mantel-Haenszel test).](jocmr-05-368-g002){#F2}

Results of interview in respect of the caloric intake and the status of nutrition instruction attendance {#s3d}
--------------------------------------------------------------------------------------------------------

There were no significant differences in the actual energy intake (per IBW) at any time-point between the 25 and 30 kcal groups. In the 25 kcal group, the actual energy intake per IBW was significantly lower (P = 0.019) only at 3 months after discharge, as compared with that before hospitalization. In the 30 kcal group, on the other hand, the actual energy intake per IBW was significantly lower at 3 months (P \< 0.01), 6 months (P \< 0.01) and 12 months (P \< 0.01) after discharge as compared with that before hospitalization. It is noteworthy that the actual energy intake per IBW at 12 months after discharge was approximately 30 kcal/kg/day in the 25 kcal group, and approximately 27 kcal/kg/day in the 30 kcal group ([Fig. 2B](#F2){ref-type="fig"}).

The nutrition instructions were provided to the patients by the physician in charge at the time of each visit. Although the instructions were provided at the time of hospitalization to all patients (100%), 69, 54 and 54% of the 25 kcal group, and 82, 82 and 82% of the 30 kcal group also received instructions subsequently at 3, 6 and 12 months after discharge, respectively ([Fig. 2C](#F2){ref-type="fig"}). Thus, the attendance rate in the 25 kcal group tended to be lower than that in the 30 kcal group. The attendance rates in the 25 kcal group were significantly lower at 6 and 12 months after discharge (P \< 0.01) than the rate at the time of hospitalization. The reasons for the reduced compliance with the nutrition instruction by the enrolled subjects were as follows; "I have no time", "I have understood it well", "the real caloric intake is already within the limit of instruction", "it is meaningless for me", and "it is stressful for me to attend the nutrition lecture", etc.

Changes in the serum HbA1c, LDL-C, HDL-C and TG {#s3e}
-----------------------------------------------

Significant decreases of the HbA1c values were observed at 3 months (P \< 0.01), 6 months (P \< 0.01) and 12 months (P \< 0.01) after discharge from the hospital in both the 25 and 30 kcal groups as compared with the values before hospitalization ([Fig. 3A](#F3){ref-type="fig"}). In regard to the lipid profile, significant decreases of the serum LDL-C levels as compared with the level before hospitalization were observed at discharge (P \< 0.01), and at 6 months (P = 0.0126) and 12 months (P = 0.0126) after discharge from the hospital in the 25 kcal group. On the other hand, in the 30 kcal group, significant decreases of the serum LDL-C levels as compared with the baseline value were observed at discharge (P \< 0.01) and at 12 months (P \< 0.01) after discharge from the hospital ([Fig. 3B](#F3){ref-type="fig"}). There were no significant differences in the serum levels of HDL-C or TG at 3, 6 and 12 months after discharge from the hospital as compared with the levels at the baseline in either group ([Fig. 3C](#F3){ref-type="fig"}). Collectively speaking, there were no significant differences in the changes in the serum HbA1c, LDL-C, HDL-C or TG at each time-point between the 25 and 30 kcal groups.

![Time-profiles of the HbA1c (NGSP) levels and lipid parameters. A: Time-profiles of the plasma HbA1c (NGSP) levels. B: Time-profiles of the plasma LDL cholesterol levels. C: Time-profiles of the plasma TG levels. D: Time profiles of the plasma HDL cholesterol levels. There were no significant differences at any of the time-points between the 25 and 30 kcal groups. The data shown are the mean ± SD. ^\#^P \< 0.05, ^\#\#^P \< 0.01 vs. baseline.](jocmr-05-368-g003){#F3}

The scores on the DTSQ and PAID {#s3f}
-------------------------------

The DTSQ score (the total score for the six items) at 12 months after discharge from the hospital was significantly higher in the 30 kcal group than in the 25 kcal group ([Fig. 4A](#F4){ref-type="fig"}). Although there was no significant difference in the PAID scores at any of the time-points between the two groups, the scores in the 30 kcal group always tended to be lower than those in the 25 kcal group ([Fig. 4B](#F4){ref-type="fig"}).

![The total score for the six items of the Diabetes Treatment Satisfaction Questionnaire (DTSQ) and Problem Areas in Diabetes Survey (PAID). A: The total score for the six items on the DTSQ in the 25 kcal group (open bars) and 30 kcal group (filled bars). The data are shown as the mean ± SD. At 12 months after discharge, significant difference was seen between the two groups (\*P \< 0.05). B: The total PAID scores in the 25 kcal group (open bars) and 30 kcal group (filled bars). The data shown are the mean ± SD in the 25 and 30 kcal groups. n.s. indicates not significant.](jocmr-05-368-g004){#F4}

Discussion {#s4}
==========

The most important findings of our study were the absence of any significant differences in the glycemic control, improvement of lipid profile, or body weight change between the 25 and 30 kcal groups after 12 months, and the significantly higher degree of satisfaction with the prescribed medical treatment regimen in the 30 kcal group than in the 25 kcal group at 12 month after discharge.

Unlike in the ADA \[[@R06]\] and EASD \[[@R13]\], the main focus of MNT is on energy control in Japan \[[@R14]\]. It is common in MNT in Japan to calculate a patient's IBW before prescribing the daily energy intake in all subjects, including obese subjects. In this process of diabetes care, physicians have become accustomed to setting the energy intake at 25 or less kcal/kg IBW/day for overweight diabetic subjects, with the goal of reducing the body weight. In the clinical study mentioned above \[[@R17]\], the dietary caloric intake was set at 25 kcal/kg IBW/day, irrespective of the BMI. These diet instructions provided appropriate caloric restriction depending on the BMI and induced reasonable body weight reduction in both obese and normal-weight subjects. They reported that the dietary program recommended by the JDS, JAS and JASSO is practically useful for body weight control in type 2 diabetic patients \[[@R17]\]. However, this study only focused on the short-term effectiveness of MNT for patients who were hospitalized.

In this study, there were no significant differences in the glycemic control, improvement of lipid profile or body weight change between the 25 and 30 kcal groups after 12 months, and the actual dietary intake was significantly improved at 12 months after discharge from the hospital, as compared with that at the baseline, in the 30 kcal /kg/day group. Because obese or overweight patients are probably accustomed to a higher daily intake of calories as compared to normal-weight subjects, it is difficult for them to comply with MNT over the long term if a very low daily energy intake is prescribed (25 kcal/kg IBW/day). Wing et al also reported on year-long weight loss treatment for obese patients with type 2 diabetes \[[@R25]\]. The subjects in the low calorie diet group of 1,000 to 1,200 kcal/day achieved their maximum weight loss at 6 months (13.5 kg loss) and then regained weight (2.1 kg gain) after 6 to 12 months. This result raised a major concern regarding the sustainability of MNT in obese patients with type 2 diabetes. While the BMI showed a gentle upward trend at 12 months in the 25 kcal group, it still showed a downward trend in the 30 kcal group ([Fig. 2A](#F2){ref-type="fig"}). The final average of BMI in the 25 and 30 kcal groups may approach each other in the long-term.

Hanefeld et al evaluated the efficacy of intensified health education (IHE) in improving metabolic control in a randomized 5 year multi-intervention trial \[[@R26]\]. For the IHE group, oral and written instructions were given for low-calorie diets of about 800 - 1,500 kcal/day. It was found that after 5 years, the IHE had no effect on the caloric intake, percentage of fat in the diet, or the body weight. Consistent with their study, the 25 kcal group actually showed a tendency towards a lower nutrition instruction attendance rate as compared with the 30 kcal group at 6 and 12 months after discharge from hospital (P = 0.0706) ([Fig. 2C](#F2){ref-type="fig"}). More importantly, the DTSQ score was significantly higher in the 30 kcal group than in the 25 kcal group. Therefore, it is preferable to prescribe a more practical caloric intake that would provide higher satisfaction and is easy to sustain than excessively restrict caloric intake, for example, 25 kcal/kg IBW/day, to improve the long-term adherence with MNT.

The results of the questionnaire survey of physicians about MNT revealed that many physicians prescribed a caloric intake in the range of 25 - 30 kcal/kg IBW/day, although they did not expect their patients to actually comply with the instructions. Moreover, they themselves thought that it was difficult to comply with the caloric restriction (25 - 30 kcal/kg IBW/day). The results of the questionnaire suggested that the MNT prescribed by physicians in Japan has not been effective for obese patients with diabetes.

There were several limitations to this study. As the number of subjects in this study was small and the term of the study was short, larger-scale and longer-term studies in the future would be warranted.

In conclusion, although there were no significant differences in the degree of glycemic control, improvement of the serum LDL-C, or body weight change between the 25 kcal/kg/day and 30 kcal/kg/day groups at 12 months after discharge from hospital, the degree of satisfaction with the prescribed medical treatment at 12 months after leaving hospital was significantly higher in the 30 kcal group than in the 25 kcal group. Therefore, it is considered to be preferable for obese patients with type 2 diabetes to be prescribed 30 kcal/kg IBW/day than 25 kcal/kg IBW/day. Our results are expected to be helpful to decide a more practical daily caloric intake for overweight and obese patients with type 2 diabetes.
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